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CHAPTER I
INTRODUCTION
It has become increasingly apparent that any �roteolytic enzyme
of plant, animal, or microbiological origin is a potenti�l meat tenderizer
(Hinrichs and Whitaker, 1962; Miyaqa and Tappel, 1956; Tsen and Tappel,
1959; Wang and Maynard, 1955; Wang et al., 1958) . Recent years have
witnessed a rapidly increasing interest in the use of proteolytic en
zymes of plant origin for various industrial purposes.

One such enzyme,

known for centuries, is papain which has been used extensively in com
mercial meat tenderizers available in the market today.

Tenderization

is effected by the proteolytic activity of this enzyme which breaks
apart the muscle fiber proteins, and to some extent the connective tissue
of meat,. by hydrolysis (Gottschall and Kies, 1942;·Tappel et al., 195'6;
Teen and Tappel, 1959; Wang and Maynard, 1955; Wang et al., 1958; Weiner
et $1., 1958).
Papain is a proteolytic enzyme present in large quantities in the
milk juice of the tropical melon tree, Carica Papaya, which is cultivated
extensively in Ceylon and British East Africa. It is from the latex of
the ripe fruit that the enzyme papain is obtained. The natives of the
tropical countries have found many good uses for the various parts of
the melon tree.

The ripe fruit is used as a breakfast fruit, as a des

sert, or in combination with other fruits as in fruit cocktail and its
juice is used as a drink.

The green fruits are baked, boiled, or stewed
1
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and served as a vegetable.

For centuries meat has been cooked wrapped

in papaya leaves to improve the tenderness.
During the past few years there has been considerable interest
in the use of the proteolytic enzyme papain for the tenderization of
meat in the home.

Ziemba (1958) reported that over two-thirds of the

total enzyme sales in the United States in 1957 represented sales to
homemakers. Much attention has been given to the effect of these tender
izers on different cuts of beef.

However, there has been little or no

investigation of the effectiveness of these preparations on pork,
probably due to the fact that pork is generally considered to be a
tender meat.
In recent investigations at the College of Agriculture of The
University of Tennessee, Ramsey and Cole (1962) found that some breeds
of hogs produced pork which was less tender than that of other breeds.
Likewise there was wide variation in tenderness within breeds.

Since

this was contrary to the popular concept of tenderness in pork, it
seemed desirable to determine whether a meat tenderizer applied under
home conditions would be of value in improving the tenderness of pork.
In the present study the effect of an unseasoned tenderizer on
the flavor, juiciness, and tenderness of pork chops was determined.

The

chops were obtained from the loin of Duroc hogs which had been finished
under four regimes:

full-feed on concrete; limited-feed on concrete;

full-feed on pasture; and limited-feed on pasture.
cooked by broiling.

The chops were

Prior to cooking, half of the chops from each
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animal were treated with a powdered meat tenderizer containing papain.
A sensory panel scored the chops for flavor, juiciness, and tenderness.
Objective measurements of tenderness were obtained by mech.anical shear
tests.

The effect of the addition of the tenderizer on cooking losses

also was investigated.

CHAPTER II
REVIEW OF THE LITERATURE
When Cortes entered Mexico in 1519, he found the natives wrapping
their meat in the leaves of the papaya to tenderize it.

The natives of

other tropical and subtropical areas around the world have also discovered
that tenderization could be accomplished by boiling meat with papaya
fruit (Bavisotto, 1958; Balls, 1941).

Thus man's desire to improve upon

the natural aging process of meat goes back many centuries.

However, it

was not until 1942 that the use of papain for tenderization purposes was
studied quantitatively.

In one of the first papers on tenderization of

· meat with papain, Gottschall and Kies (1942) observed the importance of
various factors which.influence the tenderizing effect of this enzyme,
including:

contact between the enzyme and the meat; ability of. papain

to penetrate the meat during digestion; digestibility of the native
protein compared with the heat-denatured protein; stability of papain
at cooking temperatures; and optimum temperature.

More recent investi

gations have been conducted to define the effect of temperature, pre
cooking holding-periods and penetration of the enzyme into meat.

Recent

investigations also have thrown some light on the mode of action of papain.
I.

TENDERIZATION OF MEAT BY PAPAIN

Mode of Action
Tenderization of meat by papain is effected by the proteolytic
activity of this enzyme which breaks apart the muscle fiber proteins and
4

5

to some extent the connective tissue of meat by hydrolysis (Tappel et
al., 1956; Tsen and Tappel, 1959; Weiner et al., 1958) •

. In evaluating

the ability of .various proteolytic enzymes to hydrolyze the protein
components of muscle, Miyada and Tappel (1956) observed that the greatest
change among the various protein fractions was found in the transforma
tion of soluble-protein nitrogen to non-protein nitrogen.

This change

represented the hydrolysis of soluble muscle-fiber proteins, mainly
actomyosin, to peptides and amino acids by the proteolytic enzymes.
Papain was found to have the necessary proteolytic activity to be ef
fective in tenderization of meat. These findings were confirmed by
Weiner et al. (1958) and Wang et al. (1958) who also determined that
the muscle-fiber proteins, mainly actomyosin, are broken apart by the
activity of the proteolytic enzyme.

Tsen and Tappel (1959) studied the

hydrolysis of actomyosin, actin, and collagen by papain.

They found

that actin was hydrolyzed to a limited extent compared to actomyosin,
suggesting that the myosin component may be the one readily attacked
by the enzyme.
Connective tissue is the fraction of meat with which toughness is
usually associated.

Both collagen and elastin, which together comprise

the principal proteins of connective tissue, have been found to be
digested by papain. Miyada and Tappel (1956) found that crystalline
papain slowly hydrolyzed collagen.

This observation was supported by

data of Tsen and Tappel (1959 ) ; Wang et al. (1958) and Weiner et al.
(1958) .

6

,Optimum Temperature for Digestion of Meat� Papain
Several studies have shown that the rate of action and the type
of hydrolysis depends in part upon the temperature of the re�ction.

The

digestion of beef by papain was followed by Gottschall and Kies (1942)
by measuring the blue color which the non-protein nitrogen digestion
products give with the Folin-Ciocalteau phenol reagent after precipita
tion of the proteins with trichloracetic acid.

They found that the

optimum temperature for the digestion of either meat or pure proteins by
papain was higher than the optimum temperature for the activity of most
other enzymes, and that papain withstood a higher temperature than most
enzymes without being inactivated.

Their results indicated that meat

was digested by the enzyme extensively and rapidly at 55 ° and 75 ° C, but
very slowly at room temperature.

At 100 ° C papain was rapidly destroyed

in the presence of meat so that there was very little digestion above
100 °c.
A later investigation by Tappel et al. (1956) on tenderization
of beef showed that the greatest hydrolysis of beef proteins catalyzed
by papain occurred at 60 ° and 80 °C; also, hydrolysis of both elastin and
collagen by the enzyme was greatest at 60 °C.
Weiner et al. (1958) studied the relative efficiency of pure papain
and tende�izers containing papain using both milk clotting and b�ef di
gestion methods.

They found that as the temperature increased, the

. activity of the enzyme preparation increased over the range studied.

At

80 °C there was a demonstrable activity even with those preparations which
were completely inactive at 40 °C.
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In a more recent study, Tsen and Tappel (1959) have determined
that the heat stability of papain allowed a maximum hydrolysis of pro
teins at 60 ° C or higher.
Pratt (1960) found that beef treated with a tenderizer contain
ing papain and held 30 minutes at room temperature or incubator tempera
ture (37 ° C) or warming-oven temperature (73 ° C) was significantly more
tender than untreated controls as determined by sensory-difference
tests.

Shear data also indicated that meat treated with papain at the

three temperatures was more tender than the untreated controls, but the
differences were not significant.

Elevating the precooking holding

temperature to 37 ° C or to 73 ° C was no more effective than holding the
meat at room temperature.
Penetration of Papain Into Meat
In the usually recommended procedure for tenderizing meat, the
meat is powdered or painted with papain and then cooked.

The work of

Gottschall and Kies (1942) showed that under such conditions papain
would not penetrate very far into the meat, and the papain on the surface
would be inactivated by heat before much digestion could take place.
When raw meat was soaked in a papain solution for 20 minutes at 23 ° C
the penetration was only 2.5 millimeters.
Wang and Maynard (1955) investigated the effect of a commercial
papain and a fungal enzyme preparation on the structural characteristics
of meat. Using histological techniques, they found that the two enzyme
preparations when applied to raw fresh beef semitendinosus muscle by
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·either powdering or immersion methods·were inadequate and impracticable
because of limited penetration into the tissue (less than 1 millimeter
from the surface in 1 hour).

However, they found some indication that

a slightly greater enzyme penetration was attained in samples treated
by application of the powder than by immersion.
Tappel et al. (195 6) used histological and dye-tracer studies
employing a fluorescent compound, quinine sulfate, and the dye bromcresol
green. They found that papain penetration was limited to 0.5 to 2.0
mil1imeters.
Precooking Holding-Period
Tappel et al. (195 6) reported no histological evidence of penetra
tion of papain into beef after exposure for 3 hours at room temperature.
In spite of this, there w�s a significant difference between the tender
ness of papain treated samples and untreated controls, the treated
samples being the more tender.

Precooking holding-periods of 1 and 5

hours had no significant effect on tenderization of beef by papain.
They concluded that the effective tenderization must have occurred during
the cooking period.
Hay et al. (1953) fo�nd that a powdered commercial tenderizer
containing papain was effective in increasing tenderness of steaks and
roasts held at room temperature.

However, untreated roasts were more

tender than the treated ones held in the refrigerator for 18 hours.
Pratt (19 60) also studied the effect of the length of the precook
ing holding-period after the application of a meat tenderizer to beef.
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She found that treated steaks which had no precooking holding-period
were just as tender as those which had been held 30 minutes or 1 hour
at room temperature after applying the tenderizer.

Treated roasts

which had no precooking holding-period were just as tender as those
treated and held 1 or 2 hours after application of a tenderizer.

She

concluded that doubling the usual precooking holding-period at room
temperature was not advantageous.

For all holding periods steaks and

roasts were more tender than untreated controls, which supported the
theory that tenderization by papain occurs during the cooking process.
II.

EFFECT OF TENDERIZATION WITH PAPAIN ON OTHER SENSORY QUALITIES

Flavor
Hay et al. (1953) studied the effect of papain on certain muscles
of beef subjected to various conditions of pretreatment and cooking.

They

observed very little effect on flavor scores as a consequence of papain
action.

Analysis of variance of the flavor scores showed no significant

difference due to treatment.

Pratt (1960) reported very·little dif

ference in flavor scores of steaks and roasts treated with unseasoned
tenderizers and cuts which were not treated with a tenderizer.
Juiciness
There seems to be lack of agreement as to the effect of tenderizers
on juiciness.

The untreated cuts tested by Hay et al. (1953)' received

higher juiciness scores than those treated with tenderizers.

Griswold

(1955) reported that either a commercial papain preparation or a laboratory

10
mixture containing papain 9 when forked into the meat and allowed to
stand 30 minutes, m�de the meat more tender but less juicy than meat
bra�sed by standard methods.

However, in the study of Pratt (1960)

juiciness scores of steaks and roasts treated with tenderizers were
very little different from those of cuts which were not treated with
tenderizers.
III.

EFFECT OF TENDER.IZATION WITH PAPAIN ON COOKING TIME

Hay et al. (19S3) found that the cooking time per pound of broiled
and braised steaks and roasts treated with a tenderizer was less than for
untreated steaks or roasts.
treated

When cooked to the same internal temperature,

broiled, braised, and roasted cuts appeared well-done, whereas

untreated cuts appeared medium-done.

The authors suggested that the

shorter cooking time of treated cuts may have resulted from a faster
rate of heat penetration due to the breakdown of the muscle of meat that
was forked when treated with the tenderizer.
IV.

EFFECT OF TENDERIZATION WITH PAPAIN ON COOKING LOSSES

Weir et al. (1958) reported that use of a tenderizer solution con
taining papain did not affect the weight loss of ribeye steaks during
cooking.
Hay et al. (1953) reported that the total cooking losses of
treated and untreated cuts were not significantly different.

11

V.· TENDERNESS IN PORK
Palmer (1963) has pointed out that very little is known about
factors affecting tenderness in pork.

As one reason for this, he cites

the present practice of marketing meat-type hogs at an earlier age and
with less marbling than was customary 10 to 15 years ago.

In the past

lack of tenderness has not been considered a merchandising problem.
However, recent research has indicated that there is considerable vari
ation in the tenderness of pork.
Palmer (1963) also point out Goeser 9 s finding (1962) that about
20 percent of the 10- to 14-pound high quality pork loins lacked the
desired tenderness.

Ramsey and Cole (1962) found considerable varia

tion in tenderness between breeds of pork and between animals within
a given breed.

Reasons for these variations were not clear.

CHAPTER III
. PROCEDURE
I.

DESIGN OF THE STUDY

In a.recent investigation, Ramsey and Cole (19 62) observed con
siderable variation in the tenderness of pork from different animals.
Some of the variation occurred between breeds and some between animals
within a given breed.

Since these observations are contrary to the

popular concept of tenderness in pork, it seemed desirable to determine
whether a meat tenderizer applied under home conditions would be of
value in improving the tenderness of pork.

In the present study, the

effect of an unseasoned tenderizer on the flavor, juiciness,and tender
ness of pork chops was determined.
Source of Meat for Testing
The chops were obtained from the loins of 24 Duroc hogs finished
by the Animal Husbandry Department of The University of Tennessee.
hogs had been finished under four regimes:

The

full-feed on concrete;

limited-feed on concrete; full-feed on pasture; and limited-feed on
pasture.

Each group consisted of six animals.

Slaughtering and cutting

of the meat was done under standard packing-plant procedures.
Six boneless longissimus dorsi chops were cut from the sixth to
the twelfth rib section of the loin of each animal.
18 millimeters in thickness.

Each chop was cut

The chops from each animal were numbered
12
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one through six, wrapped in freezer paper, and stored at 0 ° F until used.
11.

SAMPLING OF THE MEAT

On each day of testing, chops from two animals representing two
feeding treatments were used.

Six chops were used from each animal.

Half of the chops from each animal were treated with tenderizer and the
others were cooked untreated.
treatment.
treated.

Alternating chops received the tenderizer

During the first half of the study, chops 1, 3, and 5 were
During the second half, chops 2, 4, and 6 were treated.

Animals

were paired as follows for testing:
Test I

Concrete - Full feed
Pas.ture - Full feed

Test II

Concrete - Limited feed
Concrete - Full feed

Test III Concrete - Full feed
Pasture - Limited feed
Test IV

Concrete - Limited feed
Pasture - Limited feed

Test V

Pasture - Full feed
Pasture

Test VI

Limited feed

Concrete - Limited feed
Pasture - Full feed

These combinations were replicated during the second half of the study.
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III.

APPLICATION OF TENDERIZER

The tenderizer used was an unseasoned one containing the proteo. lytic enzyme papain.

It was purchased in the retail market in Knoxville.

The manufacturer recommended applying the tenderizer ·at �he rate of one
half teaspoon per pound of meat.

The average weight of one-half teaspoon

of the tenderizer was determined to be 1. 93 grams, so in the present
study 2 grams of tenderizer were used per pound of boneless.meat.

On

the day before each test, the meat was taken out of the freezer and
thawed overnight at refrigerator temperature.

Prior to applying:the

tenderizer each chop was weighed to determine the amount of tenderizer
needed.

A weighed amount of tenderizer equivalent to one-half teaspoon

of tenderizer per pound of meat, was applied.

Since salt had been in

corporated in the tenderizer, the untreated chops were given an applica
tion of a weighed amount of salt equivalent to 50 percent of the weight
of the tenderizer.
One-half of the weighed amount of the tenderizer or salt was
sprinkled over each side of the chops.

After applying the tenderizer, the

meat was forked; that is, it was pierced 25 times on each side with the
tines of a fork.

The untreated chops were also forked after an applica

tion of salt, so that any tenderization caused by forking would be
approximately uniform in all samples.
·minutes before cooking.

The meat was allowed to stand 30
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IV.

COOKING PROCEDURE

. The chops were placed on wire racks in shallow pans after the
tenderizer or salt had been applied.

As soon as the holding period was

complete, the meat was broiled in electric ovens of 30-inch household
ranges.

The ovens were'preheated for 20 minutes at 425 ° F with doors

closed.

Just prior to putting the meat into the ovens, the controls

were turned to the "Broil" position.
eously.

All chops were broiled simultan

Two pans, one with three treated chops and the other with three

untreated chops were placed in each oven.

The doors were left ajar in

the broiling position while the meat was cooking.
Mercury meat thermometers were used to determine the internal
temperature of the chops.

The chops were cooked on one side to an in

ternal temperature of 147 ° F, then turned and allowed to continue cooking
to an internal temperature of 183 ° F, approximately the well-done stage
usually recommended for pork.

The chops were weighed 10 minutes after

removal from the oven to determine cooking losses.
V.

SENSORY T�STS

During the first six tests, a panel of six judges, five of whom
were experienced in scoring pork, scored the meat for flavor, juiciness,
and tenderness.

The panel was composed of five men and one woman.

For

the last six tests, only the 'five men judges served.
Scoring was done on a 9-point scale, with the points defined as
follows:
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9 - Excellent
8

- Very Good

7 - Good
6 - Fair plus
5 - Fair

Fair minus

4

3 - Poor

2 - Very poor
1 - Extremely poor
The order of presentation of the samples· was randomized for each
test.

The samples ·for each panel member were cut from the same location

of the same chops throughout the study.

The chops·were paired 1-2,

3-4,

5-6, and assigned to the judges as follows:

Judge 1:

Chop_l and 2 medial half

Judge 2:

Chop 1 and 2 lateral half

Judge

3:

Chop

3

and

4

medial half

Judge

4:

Chop

3

and

4

lateral half

Judge 5:

Chop 5 and 6 medial half

Judge 6: · Chop 5 and 6 lateral half
VI.

SHEAR TESTS

Shear values for all chops were measured by the Warner-Bratzler
mechanical shear, using .cores one-half inch in diameter cut parallel to
the muscle fibers.

Two cores were obtained from each chop, one from the

17
medial half and one from the lateral half.
and the two values were averaged.

Each core was sheared once

The values of the three treated and

three untreated chops from each animal were then averag:ed.
VII.

ANALYSIS OF DATA

The data were g:rouped according to tenderizer treatment an d feed
ing. regime.

After obtaining simple averages the difference between the

means of the treated and untreated chops ·within each feeding.regime was
tested for significance using the t-distribution. Pooled data for
treated and untreated chops were also analyzed by the t-test.

CHAPTER IV
RESULTS AND DISCUSSION
I.

EFFECT OF USE OF A TENDERIZER AND METHOD OF FEEDING
ON TENDERNESS OF PORK

Average panel scores for tenderness of pork chops �longissimus
dorsi muscle) as affected by use of a tenderizer and method of feeding
are shown in Table I.

Shear data on tenderness are shown in this table

also.
Panel Scores
Al 1 treated chops had higher average tende;--ness scores than the
untreated ones.

The pooled data showed that treatment with tenderizer

increased the tenderness scores by one point, from "good., to "very good"
on the scale used.

This increase was found to be very highly significant

when analyzed by the t�test.
The least improvement in tenderness associated with the applica
tion of the tenderizer occurred in the chops from animals on the concrete
full-feed regime, which initially scored as the most tender.

Tenderness

scores of chops from animals on the limited-feed regimes were increased
very significantly by the tenderizer treatment.

Chops from the concrete

limited-feed animals which scored lowest for tenderness when ·not treated
also scored lowest a�ter treatment, but the score increased with tenderizer
application so that it was about equivalent to the highest scoring un
treated $ample.
18

TABLE I
TENDERNESS OF PORK CHOPS (LOfGISSIMUS DORSI MUSCLE) AS AFFECTED
BY USE OF A TENDERIZER AND METHCD OF FEEDn«:;
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Among the untreated chops �hose from animals full-fed on concrete
were scored highest in tenderness.

The chops from animals on limited

feed were scored least tender, with very little difference between those
from animals raised on concrete and on pasture.

Chops from animals full

fed on pasture were scored between the treatments mentioned above.

Thus,

the full-feed regimes seemed to be more conducive to tenderness than
the limited-feed ones.

Statistical analysis would be necessary to say

whether the differences due to feed and management were significant.
Shear Values
Shear data showed very good agreement with the panel estimates
of tenderness.

Panel scores and shear values tended to reinforce each

other. Over all, treatment with the tenderizer reduced the shear values
by one pound which was very highly significant.

The greatest -reduction

in shear values, about 1.5 pounds, occurred in the chops from the animals
on the limited-feed regimes.

This decrease was significant.

The shear

value for chops from animals on the full-feed regimes was decreased only
0.6 pounds by application of the tenderizer.
also significant.

However, this decrease was

Thus shear data also indicated that applying a papain

tenderizer to the longissimus dorsi muscle of pork improved the tender
ness significantly.
Of the untreated samples shear data as well as panel scores
indicated that the chops from the concrete full-fed animals were the
most tender and chops from the concrete limited-fed samples were the
least tender. Chops from animals raised on pasture were between these
extremes.

Considering both criteria of tenderness (panel scores and
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shear values), it seemed that animals raised on full-feed regimes, in
general, were able to produce meat which was slightly superior in
tenderness to that of animals raised on limited-feed o

More work con

cerning the effect of feed and management on tenderness of pork is
recommended.

Statistical analysis would be required to determine

whether the differences observed in this study are consistent and
significant.
II.

EFFECT OF USE OF A TENDERIZER AND METHOD OF FEEDING ON
FLAVOR AND JUICINESS OF PORK ClDPS

Average flavor and juiciness scores as affected by use of a
tenderizer and method of feeding are shown in Table II.
Flavor
Differences between flavor scores for treated arrl untreated
chops were very slight, less than one-half point in each of the four
groups.

These differences were not significant except in the case of

the pasture limited-feed samples which consistently scored lower in
flavor when treated with tenderizer than when untreated.

Over all,

there was only 0.2 point difference in the flavor scores of the treated
and untreated chops.

The only explanation for this small difference

being significant was the highly consistent difference in the flavor
scores of the untreated and treated chops in the pasture limited-feed
group.

It is not clear why the flavor of the chops from this one regime

seemed to be impaired by treatment with the tenderizer.

TABLE II
AVERAGE FIAVOR AND JUICINESS SCORES a OF PORK CHOPS (LONGISSIMUS DORSI MUSCLE) AS AFFECTED
BY USE OF A TENDERIZER AND METHOD OF FEEDING
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There was no indication that the various feeding regimes affected
the flavor of these chops.

When untreated, chops from animals on each

feed management scored between "good" and "very good 0 in flavor o
Juiciness
There was no real difference between the juiciness scores of the
untreated chops and those treated with the tenderizer.
scored "good" in all cases.

Juiciness was

Among the untreated chops those from animals

raised on concrete scored a fraction of a point higher in juiciness than
those from animals raised on pasture. It is questionable whether this
slight difference would be of any practical importance.· Statistical
analysis would be nec�ssary to determine if this difference was signifi
cant.
III.

EFFECT OF USE OF A TENDERIZER AND METHOD OF FEEDING ON
COOKING LOSSES OF PORK CIDPS

Data on volatile losses together with d ata on drippings and total
cooking losses are shown in Table III.
Volatile Losses
Volatile losses represent primarily moisture evaporated during
cooking.

In all four groups there was a very slight red uction in the

average percentage of volatile loss after treatment with tenderizer.
However, the difference was not significant, except in the case of chops
from animals on the pasture limited-feed regime.

In each test, this

group consistently had lower volati le losses when treated with tenderizer

TABLE III
AVERAGE PERCENTAGE COOKING LOSSES OF PORK CHOPS (LONGISSIMUS DORSI MUSCLE) AS AFFECTED
BY USE OF A TENDERIZER AND METHOD CF FEEDING
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than when untreated, averaging 2. 5 per cent.

Over all, treatment with

the tenderizer reduced the volatile losses by 1. 2 per cent.

While this

small difference would be of no practical importance it was found to
be significant, probably due to the influence of the data from the pasture
limited-feed group on the pooled data.
Among the untreated chops there was a tendency toward higher evapora
tion losses with the chops from animals on limited-feed.

On the average,

volatile loss from the two full-feed groups was 3. 8 per cent less than
from the two limited-feed groups.

Additional analysis would be necessary

to determine whether this difference was significant.
Drippings Losses
Differences in the amount of drippings obtained with treated and
untreated chops were very slight in all groups.

Only in the case of the

samples from the pasture limited-feed regime, which consistently showed
a reduction in drippings when treated with tenderizer, was this difference
found to be significant.

When the data from the four groups were pooled,

the reduction in drippings due to application of tenderizer was found
to be a small 0. 5. per cent.

Again, a possible explanation of why

this small difference was significant could be the influence of the
data from the pasture limited-feed group on the pooled data.
Differences in the amount of drippings from the four groups of
untreated chops were very slight and would be of no practical importance.
Statistical analysis would be necessary to determine whether the slightly
lower drippings loss from the chops of animals on limited-feed than
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from those on full-feed would be significant.
Total Cooking Losses
The total cooking losses represent the sum of the volatile and
drippings losses.

There was a slight reduction in total cooking losses

in all four groups when treated with tenderizer.

This reduction was not

significant except in the case of the pasture limited-feed group where
a highly significant reduction of 3. 6 per cent was obtained.

Average

total cooking losses were reduced 1.7 per cent by treatment with the
tenderizer. While this small difference probably would be of no practical
importance it was found to be significant, possibly due to the influence
of the data from the pasture limited-feed group on the pooled data.
There was a tendency toward higher cooking losses among the un
treated chops from animals on limited-feed regime. Average total cooking
losses from the two full-feed groups were 2. 9 per cent less than from
the two limited-feed groups.

Again, further analysis is reconnnended to

determine the significance of this difference.
IV.

DISCUSSION

The primary purpose of this study was to determine if the use of
a tenderizer would improve the tenderness of the longissimus dorsi muscle
of pork from selected hogs.
Considering the two criteria of tenderness, panel scores and shear
values, the data indicated that the use of a tenderizer containing papain
significantly increased the tenderness of pork chops (longissimus dorsi
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muscle) .

The results obtained seemed to confirm the conclusions of

Miyada and Tappel (1956) , Wang et al. (1958) , Weiner et al. (1958) ,
Tsen and Tappel (1959) , and others who have found that papain has the
neces sary proteolytic activity to be effective in tenderization of meat.
In the present study the flavor of chops treated with tenderizer
scored 0. 2 points lower than the flavor of untreated chops.

While this

difference was significant it would have no practical importance.

In

previous investigations by Hay et al. (1953) and Pratt (1960) no signifi
cant differences in flavor scores due to tenderizer treatment were
obtained.
No real difference in juiciness was found between the untreated
chops and those treated with tenderizer.

Thus , the use of a tenderizer

did not seem to affect the juiciness of the longissimus dorsi muscle
of pork.

These findings seem to be in close agreement with those of

the study reported by Pratt (1960) who found very little difference in
juiciness scores of beef steaks and roasts treated with tenderizers and
those which were not treated. However , these results are not in agree
ment with Griswold ' s (1955) finding that either a commercial papain
preparation or a laboratory mixture containing papain , when forked in
to the meat and allowed to stand 30 minutes , makes the meat more tender
but less juicy than meat braised by standard method s.
yery few reports are found in the literature concerning the
effect of a tenderizer on cooking losses .

However , Weir et al. (1958)

and Hay et al. (1953) found no significant effect on the cooking losses

28
of beef cuts treated with tenderizers and those that were not treated.
The results obtained in the present s tudy with three of the four groups
tested seemed to confirm the findings reported in the literature.
Additional statistical analysis is recommended to determine
whe ther the management and feeding regimes employed in this study had
any significant effect on the tenderness , flavor , juiciness, and cooking
losses of the l ongissimus dorsi muscle of pork .

CHAPTER V
SUMMARY
,.

I•

SCOPE OF THE STUDY

The primary purpose of this study was to determine the effect of
an unseasoned tenderizer on the flavor , juiciness , and tenderness of
boneless pork chops from the longissimus dorsi muscle.

The chops were

obtained from the loins of 24 Duroc hogs which had been finished under
four regimes :

full-feed on concrete ; limited-feed on concrete ; · full-feed

on pasture ; and limited-feed on pasture .
in powdered form .

The tend erizer contained papain

The second ary purpose of this stud y was to evaluate

the possible effect of management and feeding regime of the hogs on
tenderness , juiciness , and flavor of pork chops.
For each test , chops from two animals representing two regimes
were used.

Six chops cut from the sixth to the twelfth rib section of

the loin of each animal were used.

Half of the chops from each animal

were treated with tenderizer in a concentration of 2 grams per pound of
meat.

Both treated and untreated chops were cooked by broiling in

electric ovens .

They were cooked on one side to an internal temperature

of 14 7 ° F , then turned and cooked to an internal temperature of 183 ° F ,
approximately the well-done stage usually recommend ed for pork.
Sensory tests were used to evaluate the chops for flavor , juiciness ,
and tend erness .

Objective measurements of tend erness were obtained by
29
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mechanical shear tests.

The effect of the addition of a tenderizer on

cooking losses was also investigated.
II .

PRINCIPAL FIND I NGS

Both panel scores and shear values indicated that the use of a
tenderizer greatly improved the tenderness of pork chops.

Chops from

animals on the concrete full-feed regime, which initially scored as
the most tender, were the least improved by application of the tenderi zer.
I n general, it seemed that animals raised on full-feed regimes were able
to produce meat which was slightly superior in tenderness to that of
animals raised on limited-feed.

Overall the improvement in tenderness

with the application of the tenderizer was very highly significant.
Flavor and juiciness scores did not seem to be affected to any
practical extent by use of a tenderizer.
The small reduction in cooking losses observed with use of a
tenderizer does not seem to be of practical importance.
Additional statistical analysis is recommended to determine whether
the management and feeding regimes employed in this study had any signifi
cant effect on the tenderness, juiciness, flavor, and cooking losses of
the longissimus dorsi muscle of pork.
III .

CONCLUSION

Hased on the data obtained from this study, it could be concluded
that the use of a tenderizer containing the proteolytic enzyme papain
is useful in improving the tenderness of pork chops from the longissimus
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dorsi muscle which are initially not s o tend er .

The use of a tenderizer

does not affect the flavor , juiciness , and the cooking losses of pork
chops to any great extent.
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